There are numerous methods for buildings' seismic improvement, one of which is to increase the lateral force demand. To do so, adding different types of frames or a shear wall in structures is quite common as a new structural element. The present study selects three steel moment frame structures with four, seven, and twelve stories, all of which have similar floor plans and are designed based on the old seismic design code (UBC 1997 code), which is vulnerable in accordance with FEMA 356 code. For seismic improvement Concentrically Braced Frame (CBF), Buckling Restrained Brace (BRB), and shear wall have been used. The seismic performance level of the primary structure and improved structures were compared by means of seismic fragility curve. Earthquake intensity index is "PGA". Finally, by selecting an appropriate damage index, fragility curves of the original structure as well as the improved structures were presented and compared with a normal log distribution, the results of which was analyzed.
Introduction
To evaluate buildings' performance, under the influence of earth movements, particularly in seismic regions, has always been an important subject. Thus, it is necessary to investigate the existing structural risk, in order to estimate collapse potential from an earthquake. In this work an efficient calculative method is proposed to estimate fragility curves, which are suggested to be determined based on maximum story drift of a huge range of building damage with Life Safety (LS) performance, while considering the neural network [1 and 2] . Majd et al [3] used the
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AKÜ FEMÜBİD 16 (2016) 025601 324 development of reliable fragility curves based on two parameters of damage including "inter-storey drift" and "axial plastic deformation".
Özel and Güneyisi [4] studied fragility curve of RC frame, equipped with coaxial frame, using distribution functions of bi-parameter normal log that showed strengthening of Reinforced Concrete buildings with such frames improves their performance in case of an earthquake. Jong and Elnashai [5] presented the principles to develop fragility curves for concrete structures with disordered plans, determining an index to describe damage characteristics of irregular structures. Liao et al [6] described the process of buildings' collapse in seismic evaluation system, calculating the parameters, used when recognizing building damages. Lowes and Pagni [7] developed seismic fragility functions aiming to determine a method for repairing old reinforced concrete (RC) beam-column subassemblies by earthquake loading. Kapposet et al. [8] also presented a technique for assessing the vulnerability of reinforced concrete (RC) and unreinforced masonry (URM) structures. Elnashai and Jeong [9] presented an approach whereby a set of fragility relationships with known reliability is derived based on the fundamental response quantities of stiffness, strength and ductility. Lagaros [10] carried out a fragility assessment test on reinforced concrete structures by devising three different methods. Polat and Kircil [11] developed fragility curves for mid-rise RC frame buildings in Istanbul, which are designed according to Turkey's seismic design code, based on numerical simulations in accordance with the number of the stories of the buildings. In their study, Polat and Kirchil designed 3, 5, and 7 story buildings and employed incremental dynamic analysis (IDA) to measure the yielding and collapse capacity of the designed buildings under twelve artificial ground motions. According to the aptitude of the buildings, they produced fragility curves for the yielding and collapse capacities of the structures under lognormal distribution parameters on the basis of elastic pseudo spectral acceleration, Peak Ground Acceleration (PGA), and elastic spectral displacement. Afterwards, they employed regression analysis to determine the effect of the number of the stories of the buildings on fragility parameters. Their study disclosed that there was a reverse relationship between the number of the stories and fragility parameters. The aim of the present study is to analyze the influence of Concentrically Braced Frames (CBF), Buckling Restrained Frames (BRF) and shear walls on the seismic performances of steel moment frame buildings. Analytical fragility curves create a function of PGA by means of time history nonlinear analysis to study the effect of various braces along with shear wall. In order to show fragility curves, bi-parameter distribution functions with normal log have been used. The estimated fragility curves, which correspond to the appropriate damage levels, are used for steel moment frame buildings. Moreover, the presented fragility curves could be used to determine potential damages of earthquakes and evaluate the effect of either buckling braces and shear wall for improvement.
Damage
Indices and Seismic Performance Surfaces In order to expand fragility curves, it is necessary to use some logical damage indices for each structural element. In columns and beams, "plastic hinges rotation" is widely done by the researchers, AKÜ FEMÜBİD 16 (2016) 025601 325 yet in brace elements "axial relative deformation" or "inter-story drift" is the appropriate index. In the present study, "axial plastic deformation" has been used in brace elements as damage index for the calculation of frames' fragility. In addition, 3 levels of low, average, and expanded could be taken into consideration for general damage in a building, which are usually regarded as Performance Level (PL) of a building against an earthquake, i.e. as a specific danger level. In FEMA 306 [12] , these three levels are called Immediate Occupancy (IO), Life Safety (LS), and Collapse Prevention (CP), which are employed in the current study. Accordingly, whenever the selected damage index exceeds the corresponding rate, dependent on each of these three levels, it means that system fragility has taken place in that specific performance level.
Modeling and Main Structure Analysis
Three specific steel moment frame buildings with four, seven, and twelve stories, located in a region with high seismicity, were selected. The buildings were residential, measured in accordance to the old seismic design codes (UBC 97) [13] . All three buildings had common plans, with different heights. Fig . Other kinds of loading, such as wind load or snow load, were not taken into account. Moreover, soil-structure interaction was not considered as well with columns' bases assumed to be in the floor. The stories' height was considered to be 3.2 meters. IPE360  2IPE450  7  IPE450  2IPE600  1   IPE360  2IPE450  8  IPE400  2IPE550  2   IPE450  IPE600  9  IPE400  2IPE550  3   IPE320  IPE400  10  2IPE360  2IPE500  4   IPE270  IPE330  11  2IPE360  2IPE500  5   IPE240  IPE300  12  2IPE360  2IPE500  6 Each element is modeled with an individual column/beam element, whereas the frames have stable rigid connections and abutments, which make an appropriate balance between calculation accuracy and costs [14] . The impact of gravitational forces and second order effects are taken into account and studied in accordance with geometrical nonlinear considerations. Steel behavior modeling program attributed a kinematic stress-strain curve (as shown in fig. 2 ) for structural members by means of steel materials in SeismoStruct Software. A transition curve is presented for these materials at the intersection of the first and second tangent in order to prevent sudden changes in local rigidity matrices, generated by the elements, as well as to ascertain a straight and smooth transition between elastic and plastic zones. A strain hardening module of 2% E and an ultimate strain of 4% were considered for member behavior within non-elastic transformation zone. Fig.  2 illustrates structural behavior with structural steel characteristics. For beams, columns, and frames, nonlinear column and beam elements were used, combined with cross sections, in order to do an accurate modeling of them. Initially, the considered structures were calculated in SeismoStruct V.6 [15] , while taking into account AISC-1989b code, i.e. the shear force and coefficient of earthquake were used in accordance with this code. Afterwards the building in question, was recalculated based on the seismic provisions for steel structures (ANSI/AISC 341-10) [16] , showing that both the tension and story drift have exceeded the allowed range of the code. Such circumstances show that this building does not have an appropriate performance against secondary displacements, based on the ANSI/AISC 341-10 code, thus it needs seismic improvement. Based on the FEMA 356 code [17] , buildings which have gone through seismic design in accordance to their importance and based on the ANSI/AISC 341-10 code, does not need any evaluation and seismic improvement. In the present research, based on the mentioned results it is seen that the considered building needs seismic improvement in terms of danger level as well as required performance level. Some changes in the ANSI/AISC 341-10 code have caused the estimation amount of earthquake-caused secondary force to be a different amount; therefore, structures, modeled with AISC-1989b code, are not satisfactory in the same circumstances, based on ANSI/AISC 341-10 code, and need seismic improvement.
Improved Structures
The expansion of efficient seismic improvement systems is necessary to improve buildings' seismic performance before they are exposed to an earthquake. This research uses and studies three systems of CBF, BRB, and shear wall to achieve the best performance level. Fig. 3 shows reinforced steel moment frames. Table 2 presents the properties of shear wall in each storey. 
Buckling Restrained Frame (BRB)
A weakness of common frames is the difference between tensile and compressive strengths and, consequently, decline in the resistance of such frames when encountering cyclic loading. Yet in BRB, the core should be designed in a way that both compression and tension submit. In order to prevent ultimate buckling in compression, the core is put within a steel tube and the space between the tube and steel core is filled with mortar or concrete. Before pouring the mortar, a non-sticky mortar is put in the empty space between core and mortar. Fig. 4 compares hysteric behavior of BRB with typical buckling braces. If the resistance mechanism in buckling is in an appropriate size, the core can flow in the compression and show similar compressive and tensile strengths with ordered hysteresis behavior up to strains, beyond 2% [18] . In this research, the size of core and tube, and crust thickness of BRB are 153×19 (mm 2 ) and 3mm respectively. The central core is considered to be normal-strength steel ST37 and the surrounding steel crust is highstrength steel ST52. Also the used concrete is the same usual concrete with compression strength of 21Mpa. There is 2.5mm of empty space between the central core and concrete/mortar in each side. The
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mentioned distance is in effect the same thickness of the separating layer so that the core, under the effect of imposed force, enters higher modes, and, consequently, the buckling brace shows better behavior in cyclic loadings. The middle concrete and steel crust are in continuously contact.
Concentrically Braced Frame (CBF)
CBF members in all stories have equal cross sections and material characteristics. They are considered as rectangular hollow sections, 15cm wide and 4mm thick ( Figure  5 ). Therefore, all these frames possess average thinness and their effective length coefficient is considered as one. Special considerations are taken into account for connection between steel frames and shear walls with steel member (shear connection).
There have been several experiential and numerical studies to deal with these connections [21, 22]. 
Time History Dynamic Analysis
Seismic response of the main structure as well as the improved ones is made in order to present fragility curve by means of time history dynamic analysis. Column and beam elements are modeled as nonlinear frame elements, by the definition of plastic hinges at both tips of the columns and beams. In order to carry out the intended analysis, SeismoStruct V.6 has been used. Table 3 shows the earthquake records, used in this research, which have been taken from PEER database. Thirty earthquake records have a magnitude between 6.5 and 7 and the soil type is C and D. The distance of earthquake center to the building is between 15 and 30 km. Ground acceleration records for each earthquake have been scaled, corrected, and filtered by SeismoSignal V5.1 [23]. 
6.
Expansion of Fragility Curves Fragility curves are one of the main parameters when evaluating seismic damage, which makes potential seismic performance of different buildings possible. In other words, it shows the vulnerability of steel buildings and the improved ones via vulnerability functions, called fragility curves. In fact fragility curves are conditional probabilities that show the possibility of reaching or exceeding a damage level (in this paper, different performance levels of FEMA 306 instruction) under earthquake intensity index (PGA in this paper). This probability could be demonstrated as below:
In which φ is the normal standard cumulative distribution; X, the earthquake intensity index that has a normal distribution log; ϻ, the average amount of earthquake intensity index in which the structure reaches the threshold of damage levels, defined by means of legal drift proportions; and β the standard deviation of natural logarithm of earthquake intensity index at varying damage levels. In order to calculate the fragility parameters of β and ϻ by doing time history dynamic analyses for each structure, a set of maximum damage indices, AKÜ FEMÜBİD 16 (2016) Table 4 shows the fragility curve parameters of standard deviation and average earthquake intensity index, distributed as a normal log, in comparison to PGA for damage levels. Fig. 7 to 10 show expanded fragility curves for the main building and the improved ones. The curves, presented in this study, show that for all damage levels fragility curves have almost similar graphs but with different amounts. This means that the intensity of reaching a certain damage level (for example Immediate Occupancy (IO), Life Safety (LS), or Collapse Prevention (CP)) after improvement than bigger than before. What is more, with equal earthquake intensity, improved structures have less damage levels than before the improvement. Considering the fragility curves of the main frame and the improved ones, it can be seen that firstly as the shock severity of earthquake increases, buildings' damage level changes so that for specific maximum earthquake severity for each building, it approaches collapse prevention; secondly, it is observed that with small PGA changes, damage levels change a lot, i.e. small changes of PGA amounts cause considerable change in damage level which is related to the uncertainty that depends on response range. Such uncertainties in the range of responses increase with PGA changes and the nonlinear behavior becomes more significant. Since the changes between distribution for each type of the buckling braces as well as the shear wall are very insignificant, for their performance comparison, the amount of standard deviation and average fragility parameters are calculated which have been presented in Table 4 .
Conclusion
This study showed the fragility analysis of a steel moment frame building before and after improvement with Concentrically-Braced Frame (CBF), Buckling Restrained Brace (BRB), and shear wall. Analytical fragility curves create a function of PGA by means of time history nonlinear analysis to study the effect of various braces along with shear wall. In order to show fragility curves, bi-parameter distribution functions with normal log have been used. The estimated fragility curves, which correspond to the mentioned damage levels, are used for steel moment frame buildings. Moreover, the presented fragility curves could be used to determine potential damages of earthquakes and evaluate the effect of either buckling braces and shear wall for improvement. According to the results in this study, it is understood that based on PGA amounts, the simulated fragility curves show an advance after improvement with either of the buckling braces or shear wall than before this improvement. Yet based on fragility analysis of bucking brace frames and shear wall, implemented as a tool to improve and reinforce the original structure, one can claim that the shear wall has a more suitable effect in secondary rigidity increase and, eventually, general seismic improvement of the structure, compared to CBF and BRB. Also between the two buckling braces, BRB has more suitable seismic performance than CBF under the effect of seismic load, which is due to its symmetrical hysteresis cycle in tension and compression. This fact is observed in all stories of
